The combined effects of piezo-viscous and surface roughness on the squeeze film characteristics of micropolar fluid in convex curved plates are analytically studied. The variation in viscosity along the film thickness is considered. The averaged modified Reynolds type equation for surface roughness has been derived on the basis of Eringen's micropolar fluid theory. For iso-viscous lubricants, the effects pressure dependent viscosities signify an increase in the values of the squeeze film pressure, the load capacity which improve the performance of the bearing. In transverse surface roughness pattern, improves the squeeze film characteristics as compare to longitudinal surface roughness pattern.
Introduction
The study of slider bearing with an assumption of smooth surface will not predict the bearing performance accurately. In general, the surface roughness asperity height is of the same order as the mean separation between the lubricated contacts. In such situation, surface roughness effects on the performance of the bearing system must be considered. Several theories have been proposed for the study of surface roughness effects. Many researchers' used the micropolar fluid theory for the study of various bearing systems. The generalized Reynolds equation for micropolar lubricants is derived by Shukla and Isa (1975) . A new stochastic averaging approach for the study of roughness effects on the hydrodynamic lubrication of bearings proposed by Christensen and Tonder (1971) . Naduvinamani et. al. (2010) extended the application of this theory to micropolar fluid lubrication of inclined stepped composite bearings with rough surface.
The squeeze film behaviors between curved plates have been analyzed by assuming the lubricant with an iso-viscous property, such as the rectangular sine-curved film by Hay (1963) , the circular exponential-curved film by Murti (1975) , the sphere-socket film Lin(1996) , the cylinder plate film by Lin et. al. (2004) , Effect of velocity-slip and viscosity variation for Lubrication of Roller Bearing by Rao and Prasad (2003) and the sphere plate film by Lin (2000) . This variation in viscosity with temperature is important in many practical applications where lubricants are required to function over a wide range of temperature is derived by Freeman (1962) , the viscosity varies with temperature according to the given law, the temperature at each point should be known, which requires a complete thermal calculation. Combined effects of surface roughness and viscosity variation due to additives on long journal bearing is studied by A. Siddangouda et. al. (2013) . The viscosity temperature relationship can be replaced by a relation between the viscosity and the film thickness. This is justified as it has been verified experimentally that the highest temperature occurs in zones where the film thickness is least is studied by Tipei (1962) .
When the viscosity  grows with the pressure describe by an exponential equation In this equation, p is the film pressure, a is the pressure-dependent constant and 0  is the lubricant viscosity at atmospheric pressure. Since the squeeze film pressure is generally increasing with decreasing film thickness, the pressure-dependent viscosity (PDV) should be considered especially for upper plate achieves a smaller squeeze film height. Therefore, a further study between curved squeeze film surfaces including the effects of PDV in equation (1) is of interest. In the present study, a squeeze film mechanism of convex curved plates of a cosine form with micropolar fluid is proposed. Comparing with the case of iso-viscous lubricants, the effects of PDV on the squeeze film characteristics are presented and discussed through the variation of the PDV parameter, the coupling number, characteristic length, amplitude ratio and the non-dimensional minimum film thickness of the cosine-form convex curved plates.
Mathematical Formulation of the Problem
The geometry under consideration is shown in figure 1 , consider the effect of PDV (pressuredependent viscosity). The film thickness h for the squeeze film can be generated in the form of a cosine function.
A. Siddangouda ,N.B.Naduvinamani, and K. Archana / Journal of Advanced Computing (2017) Vol. 6 No. 1 pp. 28-44 30 In To mathematically model the surface roughness the film thickness H is represented by
Where,
denotes the nominal smooth part of the film geometry, while
s h x z  is the part due to the surface asperities measured from the nominal level and is a randomly varying quantity of zero mean,  is an index determining a definite roughness arrangement. The constitutive equations for micropolar fluid proposed by Eringen (1969-70) simplify considerably under the usual assumptions of hydrodynamic lubrication.
The modified Reynolds equation for the squeeze lubrication of bearings lubricated by the micropolar fluid was derived by [2] in the following form,
where, 
In accordance with Christensen [15], we assume that In accordance with the Christensen stochastic theory, the analysis is done for the two types of onedimensional surface roughness patterns, one-dimensional longitudinal roughness pattern and onedimensional transverse roughness pattern.
Longitudinal roughness pattern
For the one dimensional longitudinal roughness pattern, the roughness striations are in the form of long ridges and valleys in the x-direction, in this case film thickness assumes the form 
Transverse roughness pattern
For one dimensional transverse roughness striations are in the form of long ridges and valleys in the z-direction in this case the film thickness assumes the form 
(
The averaged modified Reynolds equation considering the effect of PDV can be written as: 
There after, the non-dimensional modified Reynolds equation and the non-dimensional film thickness can be expressed as:
In this equation, A is the amplitude ratio of the cosine-form convex curved plates and P is the PDV parameter, respectively.
The pressure boundary conditions are:
Integration of equation (15) with respect to * x and the use of boundary condition (17) yields the expression for the fluid film pressure in the form.
Integrating the film pressure, one can obtain the load-carrying capacity
Where D denotes the width of the curved plates, introducing a non-dimensional form gives
Use of equation (18) in (20) gives the non-dimensional load capacity in the form 
Using the numerical method of integration, the film squeeze film pressure (18), the load carrying capacity (21) and the elapsed time (25) can be calculated.
Result and Discussion
The combined effects of surface roughness and viscosity variation on the squeeze film characteristics of micropolar fluid in convex curved plates are studied. The micropolar fluid is characterised by two dimensionless parameters N and the Newtonian and rotational viscosity. As  tends to zero, N also tends to zero, and the expressions for the bearing characteristics reduce to their counterparts in Newtonian theory. The parameter l has the dimensions of length and can be identified with some property that depends on the polar additive molecule in a non-polar lubricant. Thus, l can be considered as a characterization of the interaction of the fluid with the bearing geometry.
The effect of surface roughness is characterized by the roughness parameter 
Squeeze film pressure
The variation of non-dimensional squeeze film pressure pattern. It is observed that, the viscosity variation parameter increases the squeeze film pressure decreases in both longitudinal as well as transverse roughness patterns. Figure 3 cosine form convex curved plates are lower than those of the parallel flat plates. In figure 6 under the amplitude ratio, the PDV effects P=0.002 results in a higher film pressure as compared to the iso-viscous case. Increasing the value of the PDV parameter (P=0.004) increases the film pressure when the amplitude ratio decreases down or the situation of flat plates, the increased amount of the film pressure due to the effects of PDV more emphasized.
Load carrying capacity
The variation of non-dimensional load carrying capacity observed that, a longer elapsed time for the convex plates. Increasing the PDV parameter increases the longer time for the upper curved plate required to achieve a prescribed film height. When the time increases as the film thickness decreases. In figure 13 , the variation of non-dimensional time On the whole, the elapsed times for the cosine-form convex curved plates are lengthened by considering the effects of PDV of lubricants.
Squeeze film time
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Conclusions
On the basis of Eringen's(1966) micropolar fluid theory and Christensen's stochastic theory for rough surfaces, the effect of surface roughness and viscosity variation on the squeeze film characteristics of micropolar fluid in convex curved plates of a cosine form is analyzed. On the basis of the results presented in the figures 2-16. 1) The squeeze film pressure decreases in both longitudinal and transverse roughness when the viscosity variation parameter increases. 2) In iso-viscous case, the effect of pressure-dependent viscosity increases for increasing the value of amplitude ratio parameter for longitudinal and transverse roughness patterns.
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